In 1970 Kurt Symanzik proposed a precarious φ 4 -theory with a negative quartic coupling constant as a valid candidate for an asymptotically free theory of strong interactions. Symanzik's deep insight in the non-trivial properties of this theory has been overruled since then by the Hermitian intuition of generations of scientists, who considered or consider this actually non-Hermitian highly important theory to be unstable. This shortcertainly controversial -communication tries to shed some light on the historical and formalistic context of Symanzik's theory in order to sharpen our intuition and to allow a more decisive assessment to theoretical physics between (non)triviality and asymptotic freedom.
vincinity of d = 4 dimensions. Moreover it has been argued e.g. by M. Consoli et al. (See e.g. [11, 12, 13] !) that λ φ 4 -theories, undergoing spontaneous symmetry breaking, are aymptotically free (See also K. Huang [14] !). Moreover, M. Consoli and P.M. Stevenson provide a beautiful and unexpected outline of how the the non-trivial phenomenon of spontaneous symmetry breaking in this context takes place [15] .
Interestingly it was as early as 1970, when Kurt Symanzik [20, 21, 22] proposed an asymptotic free λ φ 4 -theory in the context of the restless and painful struggle towards a theory of strong interactions involving great scientists like e.g. -among several others -Y. Nambu and M. Gell-Mann, which is beautifully described in Refs. [1, 2, 7, 16, 17, 18, 19] and which led finally in 2004 to the well deserved Nobel Prize in Physics honoring the contribution of D.J. Gross, H.D. Politzer and F. Wilczek (obviously performed under the strong influence of e.g. S. Coleman, and in the presence of complementary or foregoing related research work by scientists like e.g. G. 't Hooft and K. Symanzik) . . . "for the discovery of asymptotic freedom in the theory of the strong interaction" . . . .
To use the words of the "The Nobel Prize in Physics 2004 -Advanced Information" by The Royal Swedish Academy of Sciences [7] :
". . . experimentally verified scaling had a great impact on the physics community. The idea now was to understand how a physical theory could include scaling, and in 1970 Kurt Symanzik (d. 1983 ) argued that only a theory with a negative socalled β-function can imply scaling; the term 'asymptotic freedom' was coined for this kind of theory. . . . Symanzik himself discovered a quantum field theory with a negative β-function, namely one with a scalar field with a four-point interaction with a negative coupling strength. However a theory of this kind is not well-defined, since it does not have a stable particle spectrum. . . .".
K. Symanzik himself notes on the contrary in 1970 about his "precarious" [23] theory e.g. [20] :
". . . we know of no reason why (the renormalized) g should e.g. take positive rather than negative values . . .".
Then he states in a manuscript "A field theory with computable large-momenta behaviour" received at 12.12.1972 and published at 13.1.1973 in Lettere Al Nuovo Cimento [22] :
". . . In the current extensive discussion of ϕ 4 theory it is usually taken for granted that the renormalized coupling constant g must be positive. As emphasized previously [20] there is no known reason, axiomatic or otherwise, for g > 0 to be required for a physically acceptable theory. The feeling that otherwise the theory cannot have a vacuum and particles of discrete mass is not rigorously founded as discussed near the end of this letter . . . One must not consider, however, the g < 0 mode as an attempt to continue the g > 0 one to negative g, which is certainly impossible analytically, but as an entirely different mode of ϕ 4 theory . . ."
2 ).
2 ) In the last sentence K. Symanzik displays a very deep understanding of the subject required to construct correctly -as done just most recently by C.M. Bender et al. [25, 24] (See also [26] !) -a valid asympotically free electrodynamics inspired by some -unfortunately incorrect -old argument [27] [40, 41, 54, 56, 55] and references therein!). For our present purposes we want to mention here only the following important results concerning PT-symmetric Quantum Theory: The claim of C.M. Bender and S. Boettcher [42] in 1980 that the class of non-Hermitian, yet PT-symmetric Hamilton operators
has -due to its PT-symmetry -a real spectrum bound from below, was rigorously proven for a more general class of PTsymmetric Hamilton operators in 2001 on the basis of Bethe-ansatz techniques [57, 58, 59] ; futhermore it was understood that the construction of a meaningful scalar product for such Hamilton operators yielding a probability interpretation and being defined on contours in the complex x-plane yields essentially a non-Hermitian problem also for seemingly "Hermitian-looking" PT-symmetric Hamilton operators like the quantum mechanical analogue of K. Symanzik's precarious theory, i.e. a ". . . K. Symanzik (to be published) has recently suggested that one consider a λϕ 4 theory with a negative λ to achieve UV stability at λ = 0. However, one can show, using the renormalization-group equations, that in such theory the groundstate energy is unbounded from below (S. Coleman, private communication) . . .".
H.D. Politzer states in his famous paper "Reliable perturbative results for strong
3 ) The field rooted 1980 in the observation [48] (See also [49] !) that some part of the spectrum of non-Hermitian Hamilton operators like H = p 2 + x 2 + i x 3 may be real. Based on a fascinating conjecture by D. Bessis (and J. Zinn-Justin) of 1992, that the complete spectrum of this Hamilton operator is real and positive, C.M. Bender and S. Boettcher [42] (See also [50] !) suggested in 1997 that a whole class of such Hamilton operators possess this feature due to their antiunitary [51] PTsymmetry, i.e. symmetry under space-and time-reversal. These developments were accompanied by related investigations in the context of (anharmonic) quartic oscillators (See e.g. [52, 53] . .], for λ < 0 'improved' perturbation theory is arbitrarily good for large field strengths. In particular, the potential whose minimum determines the vacuum decreases without bound for large field. . . .".
The statements of D.J. Gross, F. Wilczek, and H.D. Politzer (being reflected in the reasoning of Refs. [7, 6] and unfortunately shared by a great majority of contemporary scientists due to the way how theoretical physics is presently thaught in textbooks), which were interestingly done already after the publication of K. Symanzik's manuscript Ref. [22] made use of the here not applicable assumption of an underlying Hermitian quantum field theory and were obviously more guided by intuition rather than a rigorous proof.
Based on what has been stated above it is hardly possible to agree to the following very euphoric assessment of Prof. Lars Brink of the Royal Swedish Academy of Sciences who stated in the presentation speach for the Nobel Prize in Physics 2004 (10.12.2004) [6] ". . . This year's Nobel Prize completes the picture that the work behind several earlier prizes initiated and as a result we now know the fundamental building blocks and we have a description of the four fundamental forces. . . . The theory of Gross, Politzer and Wilczek successfully describes the physics of quarks, the matter from which we are to a very large extent built. Since the discovery, further research has shown that these theories are unique. No other theories can account for the experimental picture and it is wonderful to know that Nature has chosen the only theory that we have found to be possible. . . .".
It has been Kurt Symanzik who gave us not only the first, yet also a very feasible example that Nature has much more candidates for a theory of strong interaction at its disposal than intuitively imagined.
